Background-Arterial stiffness has been associated with an increased cardiovascular risk. The aim of this study was to investigate the interaction between arterial stiffness and atherosclerosis. Methods and Results-Mice with a mutation (C1039G ϩ/Ϫ ) in the fibrillin-1 gene leading to fragmentation of the elastic fibers were crossbred with apolipoprotein E-deficient (ApoE Ϫ/Ϫ ) mice. Subsequently, ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were fed a Western-type diet for 10 or 20 weeks. Our results show that the interaction between arterial stiffness and atherosclerosis is bidirectional. On the one hand, arterial stiffness in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice increased more rapidly in the presence of atherosclerotic plaques. On the other hand, arterial stiffness promoted the development of larger and more unstable plaques in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice. The plaque area at the aortic root was increased 1.5-and 2.1-fold in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice after 10 and 20 weeks of Western-type diet, respectively. After 10 weeks of Western-type diet, plaques of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice showed increased apoptosis of smooth muscle cells, which was associated with a decrease in collagen content, an enlargement of the necrotic core, and an increase in macrophages.
matrix in the vascular wall and atherosclerotic plaque. Elastic fibers comprise a crosslinked elastin core surrounded by a mantle of fibrillin-rich microfibrils. 1 Fibrillin-1 is the major structural component of microfibrils, which provide the scaffold for the deposition and crosslinking of elastin. Fibrillin-1 also has a major role in binding and sequestering growth factors such as transforming growth factor-␤ (TGF␤). 2 
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The principal role of elastic fibers is to provide resilience to tissues that are subject to repetitive distension. Aging and atherosclerosis are associated with structural and functional changes in the elastic fibers. Cholesterol, free fatty acids, and calcium accumulate within the elastic fibers, resulting in decreased elasticity and increased susceptibility to proteolytic degradation. 3, 4 Fragmentation of elastic fibers impairs the cushioning effect of the proximal elastic arteries and leads to an increase in arterial stiffness. 5 Increased arterial stiffness is an independent predictor of future cardiovascular events 6 -9 and may have a better predictive value than classic risk factors because it integrates the damage of different risk factors on the arterial wall over a certain period of time. It is, however, unclear whether vascular stiffness contributes directly to the progression of atherosclerosis or whether vascular stiffness is only an indirect measure of the severity of atherosclerosis. Interestingly, pseudoxanthoma elasticum, an inherited disorder of the elastic connective tissue, has been associated with a higher risk of coronary disease. 10 Moreover, Medley et al 11 showed an association between the genotype of fibrillin-1, arterial stiffness, and the severity of coronary artery disease. These results are consistent with an important role for elastin in general, and fibrillin-1 in particular, in the pathogenesis of atherosclerosis.
Therefore, the aim of this study was to investigate the effect of impaired fibrillin-1 function on atherosclerosis. For this purpose, Apolipoprotein E-deficient (ApoE Ϫ/Ϫ ) mice were crossbred with mice containing a heterozygous mutation (C1039G ϩ/Ϫ ) in the fibrillin-1 gene. Mutations in fibrillin-1 lead to Marfan syndrome, 12 a genetic disorder of the connective tissue that is characterized by fragmentation of elastic fibers and decreased compliance of the proximal elastic arteries. After construction of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice, we investigated the effect of elastin degradation on the mechanical properties of the aortic wall. Then, we compared plaque size and composition between ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice.
Methods

Mice
C1039G ϩ/Ϫ mice (C57Bl/6 background, kind gift of Dr H. Dietz, Howard Hughes Medical Institute, Baltimore, Md) were crossbred with ApoE Ϫ/Ϫ mice (C57Bl/6 background, Charles River Laboratories, Wilmington, Mass) to obtain ApoE Ϫ/Ϫ mice and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice. The genotype was determined by polymerase chain reaction. 13 Female ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice (6 weeks old) were fed a normal chow or Western-type diet (TD88137, Harlan Teklad, Madison, Wis). Animals were housed in a temperature-controlled room with a 12-hour light/dark cycle and had free access to water and food. At the end of the experiment, central arterial pressure was measured in anesthetized mice via a carotid artery catheter connected to a data acquisition system. Pulsatility was calculated as pulse pressure divided by mean arterial pressure. 14 Blood samples were taken via the retroorbital plexus for analysis of total cholesterol and triglycerides by commercially available kits (Randox, Crumlin, UK). All experiments were approved by the ethics committee of the University of Antwerp.
Analysis of Plaque Area and Composition
The plaque area and composition in ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were analyzed after 10 or 20 weeks on a Western-type diet (nϭ10 mice in each group). The heart, brachiocephalic artery, and different segments of the thoracic aorta (proximal part of the ascending aorta and the upper, middle and lower parts of the descending thoracic aorta) were fixed in 4% formaldehyde (pH 7.4), dehydrated overnight, and embedded in paraffin. Serial cross sections (5 m) were prepared for histological analysis. The total plaque area in the aortic root (mean of 3 sections per mouse at 75-m intervals, encompassing the lower, middle, and upper parts of the aortic valve cusps) was measured on hematoxylin and eosin-stained slides. Plaque composition in the aortic root was analyzed by immunohistochemistry with the following primary antibodies: anti-␣-smooth muscle actin (Sigma, St Louis, Mo), anti-Mac-3 (Pharmingen, San Diego, Calif), antiphospho-Smad 2/3 (Ser465-467, Cell Signaling Technology, Danvers, Mass), and anti-cleaved caspase-3 (Cell Signaling). After primary antibody incubation, specimens were incubated with species-appropriate horseradish peroxidase-conjugated secondary antibodies (Vector Laboratories, Burlingame, Calif), followed by 60 minutes of reactive ABC (Vector Laboratories). Immunocomplexes were detected with 3,3Ј diaminobenzidine or 3-amino-9-ethylcarbazole. Sirius red staining and orcein staining were used to detect collagen and elastin, respectively. The necrotic core was defined as a hypocellular plaque cavity devoid of collagen and containing necrotic debris and cholesterol clefts. All plaque components were expressed as percentage of total plaque area. The number of buried fibrous caps was counted on serial sections stained for elastin and ␣-smooth muscle actin. Buried fibrous caps were defined as elastin and smooth muscle cell (SMC) -rich layers covered by overlying plaque. 15 Acute plaque ruptures were defined as a visible defect in the cap accompanied by intrusion of erythrocytes into the plaque. 15 Images were analyzed with a color image analysis system (Image Pro Plus 4.1, Media Cybernetics Inc, Silver Spring, Md). To quantify the surface area occupied by atherosclerosis, en face preparations of the aorta of ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were stained with Oil Red O after 10 or 20 weeks of Western-type diet (nϭ3 mice in each group).
Determination of Desmosine and Isodesmosine
The desmosine and isodesmosine content of aortic segments of ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice on a normal or Western-type diet (nϭ4 mice in each group) was determined by ultraperformance liquid chromatography with ultraviolet detection, as described in the Methods section of the online-only Data Supplement.
Western Blot
Western blot analysis of aortic samples of ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was performed as described previously. 16 The following primary antibodies were used: anti-TGF␤ and antiphospho-Smad 2/3 (Ser465-467) from Cell Signaling. Peroxidaseconjugated secondary antibodies were purchased from Dako (Glostrup, Denmark).
Mechanical Properties of the Aorta
Segments of the proximal aorta ascendens (1 mm) of ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice on a normal or Western-type diet (nϭ4 mice in each group) were mounted in a wire myograph (Danish Myo Technology, Aarhus, Denmark). After equilibration at 37°C for 30 minutes, the distance between the wires was increased to the point at which the vessel was not stretched. The internal circumference (L 0 ) was then measured as twice the inner distance between the 2 wires plus the wire circumference and 4 wire radii (20 m). Subsequently, the distance between the wires was increased by 100 m every 60 seconds. The wall force and micrometer reading were recorded at each step, and the corresponding wall stress was calculated as previously described. 17 Arterial distensibility was deduced from the stress-strain curve.
Statistical Analysis
All results are expressed as meanϮSEM (continuous results) or median (lower to upper limit) (buried fibrous caps). The unpaired 2-tailed Student t test was used to compare plaque composition. The values of body weight, plasma concentration of total cholesterol and triglycerides, plaque area, systolic pressure, diastolic pressure, mean arterial pressure, pulse pressure, and pulsatility were compared by use of a 2-way factorial ANOVA, with genotype and duration of Western-type diet as factors. For analysis of the number of buried fibrous caps and the Oil Red O-positive area, rank transformation of the data was performed, followed by 2-way ANOVA. 18 The effect of elastin fragmentation on the mechanical properties of the vessel wall was analyzed with a 2-way repeated-measures ANOVA. The correlation between plaque area and pulse pressure/pulsatility was evaluated by the Pearson correlation coefficient. Statistical analyses were carried out with SPSS software (version 14, SPSS Inc, Chicago, Ill). Differences were considered significant at PϽ0.05.
Results
Atherosclerosis Accelerates Arterial Stiffening in ApoE ؊/؊ C1039G ؉/؊ Mice
In ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice on a normal diet, the media of the proximal ascending aorta showed progressive fragmentation of elastic fibers, which was accompanied by deposition of amorphous matrix ( Figure 1A) . To investigate the effect of these changes on vascular distensibility, aortic segments underwent a graded passive distension ( Figure 1B) . The stress-strain curve of the proximal ascending aorta in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was shifted to the left after 20 weeks on a normal diet, indicating increased vascular stiffness ( Figure 1B ). Subsequently, ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were fed a Westerntype diet to examine the interaction between arterial stiffening and atherosclerosis. The fragmentation of the elastic fibers in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was even more pronounced on a Western-type diet ( Figure 1A ). Moreover, there was a significant loss of elastin in the aortic wall of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice, as shown by the decrease in the content of desmosine and isodesmosine ( Table I in the online-only Data Supplement). The fragmentation and loss of elastin in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were the result of infiltration of atherosclerotic plaques into the media, leading to destruction of the elastic fibers ( Figure 1A) . As a consequence, an increase in arterial stiffness in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was already observed after 10 weeks of Western-type diet. These results suggest that atherosclerosis accelerated the decrease in vascular distensibility ( Figure 1B ).
Increased Arterial Stiffness Promotes Plaque Progression
The effect of increased arterial stiffness on atherosclerosis was investigated by feeding ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice a Western-type diet for 10 or 20 weeks. Before the start of the Western-type diet, there were no significant differences between ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice ( Table II in weeks of Western-type diet. There were no premature deaths of ApoE Ϫ/Ϫ mice. After 10 and 20 weeks of Western-type diet, body weight and plasma concentrations of total cholesterol and triglycerides were not different between ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice (the Table) . There were also no significant differences in systolic, diastolic, and mean arterial pressures between ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice. However, increased arterial stiffness was associated with an elevated pulse pressure and pulsatility in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice (the Table) . Moreover, there was a significant increase in both pulse pressure and pulsatility in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice from 10 to 20 weeks on a Westerntype diet (the Table) .
Oil Red O staining of the aorta showed a significant increase in atherosclerosis in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice after both 10 and 20 weeks of Western-type diet (Figure 2) . Results of the en face staining of the aorta were confirmed by quantification of the plaque area on hematoxylin and eosinstained sections of the aortic root, showing 1.5-and 2.1-fold increases in plaque area in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice after 10 and 20 weeks of Western-type diet, respectively (the Table) . Moreover, the difference in plaque area between ApoE Ϫ/Ϫ and 
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ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was significantly larger at 20 weeks than at 10 weeks, indicating that plaque size increased more rapidly in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice compared with ApoE Ϫ/Ϫ mice. The plaque area was also increased in other vascular segments of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice, including the proximal ascending aorta, brachiocephalic artery, and the upper, middle, and lower segments of the descending aorta (the Table) . In addition, there was a significant correlation between plaque size and pulse pressure/pulsatility at 10 weeks (Rϭ0.48, Pϭ0.04) and 20 weeks (Rϭ0.63, Pϭ0.003).
SMC Apoptosis and TGF␤ Activity Are Increased in Atherosclerotic Plaques of ApoE ؊/؊ C1039G ؉/؊ Mice
Atherosclerotic plaques of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice showed a significant increase in cleaved caspase-3 staining, indicating increased apoptosis ( Figure 3A ). Serial sections showed colocalization of cleaved caspase-3 and ␣-SMC-actin staining, suggesting apoptotic cell death of SMCs in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice ( Figure 3B ). This was not observed in plaques of ApoE Ϫ/Ϫ mice. Because fibrillin-1 is important for the regulation of TGF␤ activity, the expression of phospho-Smad 2/3, a marker of TGF␤ activity, was studied ( Figure I 
Atherosclerotic Plaques in ApoE ؊/؊ C1039G ؉/؊ Mice Show Increased Features of Plaque Instability
After 10 weeks of Western-type diet, atherosclerotic plaques in the aortic root of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were characterized by a decrease in SMCs (Figure 4 ). This was associated with a decrease in collagen content (Sirius red staining) and an enlargement of the necrotic core (hematoxylin and eosin staining, Figure 4 ). Plaques of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice also contained an increased amount of macrophages (Figure 4) . Buried fibrous caps, which suggest previous plaque rupture, were only rarely present after 10 weeks of Western-type diet ( Figure 5 and the Table) . After 20 weeks of Western-type diet, however, atherosclerotic plaques in the aortic root of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice showed an increased number of buried fibrous caps compared with ApoE Ϫ/Ϫ mice ( Figure 5 and the Table) . Moreover, the necrotic core was significantly larger in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice ( Figure 6 ). The amount of SMCs, macrophages, and collagen was not different between ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice after 20 weeks of Western-type diet ( Figure 6 ).
Buried fibrous caps were present not only in atherosclerotic plaques at the level of the aortic valves but also in other vascular segments of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice, indicating multifocal plaque instability ( Figure 7A and the Table) . Atherosclerotic plaques in the proximal ascending aorta and the brachiocephalic artery contained the highest number of buried fibrous caps. Acute plaque rupture was observed in the proximal ascending aorta of an ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mouse that died suddenly after 19 weeks of Western-type diet ( Figure 7B ).
Discussion
Our results demonstrate that an impaired fibrillin-1 function promotes an unstable plaque phenotype in ApoE Ϫ/Ϫ mice. Atherosclerotic plaques in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice not only were larger but also showed features of a more "ruptureprone" plaque, including increased SMC apoptosis and an increased number of buried fibrous caps. It is likely that these effects are the consequence of increased arterial stiffness in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice, although other factors such as increased TGF␤ activity might also have contributed.
The heterozygous C1039G mutation in the gene encoding fibrillin-1 results in progressive elastic fiber degeneration. 13 These changes in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice resemble the thinning, splitting, and fraying of the elastic fibers that occur with age. 19 During the process of aging, repetitive cycles of distension and elastic recoil lead to fatigue and fracture of the elastic fibers. 5 Fragmentation of the elastic fibers was asso- 
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ciated with increased arterial stiffness, as shown by the leftward shift of the stress-strain curve in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice after 20 weeks on a normal diet. To investigate the interaction between arterial stiffening and atherosclerosis, ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were fed a Westerntype diet. Our findings show that this interaction is bidirectional.
On the one hand, arterial distensibility decreased more rapidly in the presence of atherosclerotic plaques. A leftward shift of the stress-strain curve in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was already observed after 10 weeks on a Western-type diet compared with 20 weeks on a normal diet. This finding indicates that plaque formation accelerated arterial stiffening in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice, which is consistent with the effects of atherosclerosis in previous studies. 20 -22 The increase in arterial stiffening was caused largely by fragmentation and rupture of the elastic laminae under the atherosclerotic plaques in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice.
On the other hand, increased arterial stiffness promoted plaque development and instability in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice. After 10 weeks of Western-type diet, increased arterial stiffness in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice resulted in an unstable plaque phenotype, characterized by increased SMC apoptosis. This was associated with a decrease in collagen content, an enlargement of the necrotic core, and an increase in macrophages, which are all features of a more rupture-prone plaque. These results suggest that fragmentation of the elastic laminae and the ensuing arterial stiffening might play an important role in plaque destabilization. These findings confirm the results of Moreno et al, 23 who showed that ruptured plaques have an increased incidence of disruption of the internal elastic lamina.
The bidirectional interaction between arterial stiffness and atherosclerosis may lead to a vicious circle. Indeed, the difference in plaque area between ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was larger at 20 weeks than at 10 weeks, indicating that plaque size increased more rapidly in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice compared with ApoE Ϫ/Ϫ mice. One of the mechanisms linking arterial stiffening to plaque progression is an increased pulse pressure. The pulsatile component of blood pressure causes a cyclic strain on the cellular components of the atherosclerotic plaque and vessel wall. Pulse pressure is an index of absolute blood pressure changes, as opposed to pulsatility, which is an indicator of the relative changes of blood pressure and is not correlated with mean arterial pressure. 24 Importantly, both pulse pressure and pulsatility were increased in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice, which indicates that the atherosclerotic plaques in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were exposed to increased changes in cyclic strain. Repetitive deformations induced by pulsatile stress may play an important role in plaque instability. 24 Several studies have shown that increased cyclic strain induces apoptosis of SMCs. 25, 26 The SMC response to cyclic strain is determined by the phenotype, with growth inhibition in the synthetic SMC phenotype as opposed to increased proliferation in the contractile SMC phenotype. 27 In this regard, it should be noted that one of the first detectable alterations in Marfan mice is the loss of the connecting filaments, which are composed of microfibrils and connect SMCs to the elastic lamellae. 28 Loss of these physical interactions induces a synthetic response in SMCs, possibly leading to an increased sensitivity to cyclic strain-induced apoptosis. In addition to a proapoptotic effect on SMCs, increased cyclic strain promotes the progression of atherosclerosis via several other mechanisms such as increased lipid infiltration into the arterial wall, 29 increased expression of adhesion molecules on endothelial cells, 30 and increased production of scavenger receptors in macrophages. 31 Cyclic strain also affects plaque stability by increasing the macrophage secretion of metalloproteinase-l (collagenase) and metalloproteinase-3. 32 Overall, the present study shows that increased arterial stiffness in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was associated with increased pulsatility, which promoted plaque progression and instability through multiple pathways. Our results are in agreement with recent clinical studies that have shown that pulsatility is related to the extent of coronary atherosclerosis and is a strong predictor of future cardiovascular events. 14, 33 It is possible that other factors contributed to the increased plaque progression in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice. For example, fragments of elastin and fibrillin-rich microfibrils are chemotactic for monocytes 34 -36 and can upregulate the expression and secretion of matrix metalloproteinases, 37, 38 leading to increased inflammation and increased extracellular matrix degradation in lesions of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice. In addition, atherosclerotic plaques of ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice showed an increased expression of phospho-Smad 2/3, indicating increased TGF␤ activity. TGF␤ is secreted as a large latent complex that binds to specific sites of the extracellular matrix, including fibrillin-1. 39 For TGF␤ to bind to cellsurface receptors, TGF␤ needs to be released from the extracellular matrix. In Marfan syndrome, TGF␤ is more prone to activation because deficiency of fibrillin-1 results in inadequate matrix sequestration. Moreover, the expression of several TGF␤ activators that can induce displacement of TGF␤ from the extracellular matrix (such as matrix metalloproteinases and thrombospondin-1) is increased in the aortic wall of patients with Marfan syndrome. 40 These factors lead to excessive TGF␤ activation, which may induce apoptosis of SMCs, as suggested by the colocalization between TGF␤ and apoptotic SMCs in human aortic aneurysms. 41 After 20 weeks of Western-type diet, plaques in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice were characterized by an increased number of buried fibrous caps. By analogy with healed plaque rupture in humans, buried fibrous caps represent disrupted fibrous caps that have been incorporated into the growing lesion. 15 The presence of buried fibrous caps in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice was associated with features of plaque stabilization. Indeed, the amount of SMCs, macrophages, and collagen was not different between ApoE Ϫ/Ϫ and ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice after 20 weeks of Western-type diet. These results are consistent with a recent study showing that symptomatic carotid plaques evolve to a more stable plaque phenotype after stroke. 42 Buried fibrous caps were present in all examined arterial segments, indicating multifocal plaque instability in ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice. However, definite evidence showing that buried fibrous caps are related to plaque rupture is lacking. In the present study, acute plaque rupture of the fibrous cap was observed in the ascending aorta of an ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mouse that died suddenly. Because there was no occlusive thrombus at the site of the plaque rupture, it is possible that death was caused by cerebral embolization of thrombotic material. Moreover, 2 ApoE Ϫ/Ϫ C1039G ϩ/Ϫ mice showed head tilt after Ϸ15 weeks of Western-type diet. This finding might indicate neurological damage through cerebral embolization after plaque rupture, but other causes of head tilt cannot be excluded.
Conclusions
Our results demonstrate that arterial stiffness is both a cause and an effect of atherosclerosis. Arterial stiffness enhances the progression of atherosclerosis, which in turn accelerates arterial stiffening. This interaction can lead to a vicious circle. Therefore, inhibition of arterial stiffening is a promising therapeutic target to improve the prognosis of patients with an increased cardiovascular risk.
